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1
360-DEGREE CORE PHOTO IMAGE
INTEGRATION AND INTERPRETATION IN A
3D PETROPHYSICAL MODELING
ENVIRONMENT

BACKGROUND

Borehole image logs currently provide the highest reso-
Iution digital data for reservoir formation evaluations. The
borehole image logs are typically produced by transmitting
signals, for example, acoustic, radio, and the like, into
wellbore rock and receiving/processing the reflected signals
to generate/log borehole image data. From the borehole
image log, various geological attributes such as structural
dip, faults, fractures, and porosity can be interpreted. The
lack of actual borehole image log data can, in some
instances, hinder performance of interpretation and/or pro-
cessing functions or necessitate estimation/assumption of
data used for the interpretation and/or processing functions.
Estimation/assumption of data can result in less-than-accu-
rate lithofacies interpretations by petrophysical interpreta-
tion application systems and three-dimensional (3D) litho-
facies models of reservoir formations and lithofacies
distributions by 3D petrophysical modeling application sys-
tems. Inaccurate results can cause wasteful expenditures of
time and business resources and result in lost business
opportunities and/or revenue.

SUMMARY

The present disclosure describes methods and systems,
including computer-implemented methods, computer-pro-
gram products, and computer systems, for providing 360-
degree well core sample photo image integration, calibra-
tion, and interpretation for modeling of reservoir formations
and lithofacies distribution. One computer-implemented
method includes receiving a 360-degree well core sample
photo image, geospatially anchoring, by a computer, the
received 360-degree well core sample photo image, decom-
posing, by a computer, the geospatially-anchored 360-de-
gree well core sample photo image into a color numerical
array, transforming, by a computer, the color numerical
array into a formation image log, calibrating, by a computer,
the formation image log for consistency with additionally
available data, and generating, by a computer, 3D lithofacies
interpretation and prediction data using the formation image
log.

Other implementations of this aspect include correspond-
ing computer systems, apparatuses, and computer programs
recorded on one or more computer-readable media/storage
devices, each configured to perform the actions of the
methods. A system of one or more computers can be
configured to perform particular operations or actions by
virtue of having software, firmware, hardware, or a combi-
nation of software, firmware, or hardware installed on the
system that in operation causes or causes the system to
perform the actions. One or more computer programs can be
configured to perform particular operations or actions by
virtue of including instructions that, when executed by data
processing apparatus, cause the apparatus to perform the
actions.

The foregoing and other implementations can each
optionally include one or more of the following features,
alone or in combination:

A first aspect, combinable with the general implementa-
tion, wherein geospatially anchoring the 360-degree well
core sample photo image includes using at least one of
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compass direction, latitude/longitude, Global Positioning
System (GPS) coordinates, or depth reference data.

A second aspect, combinable with any of the previous
aspects, wherein the color numerical array comprises data
for at least one of blue, green, grayscale, or red.

A third aspect, combinable with any of the previous
aspects, wherein the formation image log is in borehole
image log format.

A fourth aspect, combinable with any of the previous
aspects, wherein the additionally available data includes at
least in one of wellbore azimuth data, borehole image log
data, or 3D seismic data.

A fifth aspect, combinable with any of the previous
aspects, comparing data associated with the formation image
log to the additionally available data, and determining that
the formation image log needs to be calibrated because a
result of the comparison exceeds a threshold value.

A sixth aspect, combinable with any of the previous
aspects, further comprising generating 3D models of litho-
facies distributions using the 3D lithofacies interpretation
and prediction data.

The subject matter described in this specification can be
implemented in particular implementations so as to realize
one or more of the following advantages. First, in the
instance where borehole image log data is not available,
available well cores samples can be transformed into well
core image sample data as formation image logs in borehole
image log format and be used to provide additional data to
increase accuracy of lithofacies modeling of reservoir for-
mations. Second, 360-degrees of well core image sample
data is loaded into a digital interpretation application system
for analysis to ensure complete wellbore coverage. Third,
the well core sample image data is decomposed and typi-
cally put into a standard borehole image log format for
increased flexibility and usability by existing tools. Fourth,
the standardized borehole image log formatted data can be
provided to a petrophysical interpretation application system
to interpret lithofacies and/or lithofacies distribution. Fifth,
a 3D petrophysical model application system can be used to
model reservoir formations based on the additional inter-
preted lithofacies and/or lithofacies distribution. Sixth, in
wells which have well core sample data but no formation
image log data, a formation image log can be simulated. This
could lead to the substantial cost saving in contrast to
acquiring actual additional formation image log data. Other
advantages will be apparent to those of ordinary skill in the
art.

The details of one or more implementations of the subject
matter of this specification are set forth in the accompanying
drawings and the description below. Other features, aspects,
and advantages of the subject matter will become apparent
from the description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Patent and Trademark Office upon request and payment of
the necessary fee.

FIG. 1 illustrates a method for providing 360-degree well
core sample photo image integration, calibration, and inter-
pretation for modeling of reservoir formations and lithofa-
cies distribution according to an implementation.

FIG. 2 illustrates a 360-degree photo image of a well core
sample according to an implementation.
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FIG. 3 illustrates a geospatially-anchored 360-degree
digital photo image of the well core sample of FIG. 2
according to an implementation.

FIG. 4 illustrates an example decomposition of color
variations in the 360-degree well core sample photo image
of FIG. 3 into color numerical arrays according to an
implementation.

FIG. 5 illustrates the rotation of the 360-degree well core
sample photo image of FIG. 3 based upon a calibrated
formation image log with at least available azimuth data
according to an implementation.

FIG. 6 illustrates digital calibration associated with a well
to gain confidence for prediction according to an implemen-
tation.

FIG. 7A illustrates one of the layer in a 3D petrophysical
model highlighting lithofacies distribution according to an
implementation.

FIG. 7B illustrates a 3D petrophysical model with litho-
facies distribution according to an implementation.

FIG. 8 is a block diagram illustrating an exemplary
distributed computer system (EDCS) used to provide 360-
degree well core sample photo image integration, calibra-
tion, and interpretation for modeling of reservoir formations
and lithofacies distribution according to an implementation.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

This disclosure generally describes methods and systems,
including computer-implemented methods, computer-pro-
gram products, and computer systems, for providing 360-
degree well core sample photo image integration and inter-
pretation for modeling of reservoir formations and
lithofacies distribution. The following description is pre-
sented to enable any person skilled in the art to make and use
the invention, and is provided in the context of one or more
particular implementations. Various modifications to the
disclosed implementations will be readily apparent to those
skilled in the art, and the general principles defined herein
may be applied to other implementations and applications
without departing from scope of the disclosure. Thus, the
present disclosure is not intended to be limited to the
described and/or illustrated implementations, but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

Borehole image logging is a measurement of rock forma-
tions around the wellbore. Borehole image logging data is
acquired through different types of logging tools transmit-
ting and receiving signals (e.g., acoustic, radio, and/or
signals) into and from, respectively, the wellbore. While
accurate, it is still an electronic measurement requiring a
well drill bit to be removed from the wellbore while gath-
ering borehole image log data; a process that takes time and
effort to accomplish. Usually only a small fraction of wells
in a field development have borehole image logs taken.
Generally, a far higher percentage of wells drilled have well
core data as opposed to borehole image log data.

Borehole image logs currently provide the highest reso-
Iution digital data for reservoir formation evaluations. From
aparticular borehole image log, various geological attributes
such as structural dip, faults, fractures, and/or porosity can
be interpreted. The lack of actual borehole image log data
can, in some instances, hinder performance of interpretation
and/or processing functions or necessitate estimation/as-
sumption of data used for the interpretation and/or process-
ing functions. Estimation/assumption of data can result in
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less-than-accurate lithofacies interpretations by petrophysi-
cal interpretation application systems and three-dimensional
(3D) lithofacies models of reservoir formations and lithofa-
cies distributions by 3D petrophysical modeling application
systems. Inaccurate results can result wasted time, needless
expenditure of business resources, and/or lost business
opportunity and/or revenue.

A well core sample is a piece of rock including one or
more lithofacies extracted from a wellbore beneath the
earth’s surface that provides actual/accurate physical evi-
dence of reservoir formation characteristics (e.g., rock type,
formation thickness, etc.). In some instances, well core
samples can also reveal structural dip, fault, fracture, poros-
ity, mineral composition, and/or other values, conditions,
etc. Traditionally, geologists or other experts visually exam-
ine a well core sample and describe it on paper or in other
formats.

In some instances, a 360-degree photograph, such as in
bitmap, GIF, JPG, or other graphics format, of the well core
sample can be taken by a camera, stored as a digital image,
and studied by geologists or other experts. While the pho-
tograph generates a 360-degree visualization of the well core
sample (and by extension the wellbore—because the well
core sample is a mirror image of the rock left around the
perimeter of the wellbore.), due to its native format (i.e., a
visual image) and the fact that it is dimensionless (e.g., no
spatial and/or vertical depth information), it cannot be
natively used by a digital reservoir characterization and
interpretation application system to contribute to 3D petro-
physical modeling. A well core sample photograph can only
provide a qualitative reference, not quantitative data that fits
within a digital interpretation application. No side-by-side
correlation and calibration with other types of digital data
(e.g., borehole image log and wire line log data) can be
performed.

Among other things, the described computer-imple-
mented methods, computer-program products, and systems
allow use of natively formatted 360-degree photographs for
interpretation and modeling of reservoir formations and
lithofacies distribution.

At a high level, this disclosure is drawn to converting a
well core sample photograph into digital lithofacies data to
guide 3D petrophysical digital interpretation and modeling.
The disclosure discusses transformation of a traditional well
core sample photograph, geospatial positioning of the well
core sample photograph in proper 3D space (e.g., area
geographic coordinates, depth, and/or the like), and conver-
sion of the geospatially positioned well core sample photo-
graph into a formation image log in a digital borehole image
log format. For example, by aligning with azimuth infor-
mation from the associated well, a formation image log
generated from a geospatially positioned well core sample
photograph can be digitally analyzed using interpretation
functionalities available for use on borehole image log
formatted data.

In wells where both well core sample photo images and
other data exists (e.g., borehole image log data, wire line log
data, and/or other data), the described transformation of a
well core sample photograph offers correlation of the same
rock formation from two or more different types of mea-
surements. By interpreting and calibrating the formation
image log data with the other, if available, data, confidence
can be increased in geology interpreted from the formation
image log data. Once correlation and confidence is estab-
lished on these wells, the method described below can be
applied to wells where no borehole image log data (or other
data) exists. As many wells have well core sample data but
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not expensive borehole image log data, the subject matter of
this disclosure can assist with prediction of reservoir for-
mations in wells with no high-resolution borehole image log
data and at a potentially substantial cost savings—by mini-
mizing the need to acquire expensive borehole image logs.
The interpretation of the generated formation image log can
provide sufficient data points to model a reservoir in 3D and
enhance overall field understanding.

FIG. 1 illustrates a method 100 for providing 360-degree
well core sample photo image integration, calibration, and
interpretation for modeling of reservoir formations and
lithofacies distribution according to an implementation. In
other words, method 100 is a 360-degree well core sample
interpretation and 3D modeling application workflow. For
clarity of presentation, the description that follows generally
describes method 100 in the context of FIGS. 1-6, 7A-7B,
and 8. Method 100 may be performed by any suitable
system, environment, software, and/or hardware, or a com-
bination of systems, environments, software, and/or hard-
ware as appropriate (e.g., the computer system described in
FIG. 8 below). In some implementations, various steps of
method 100 can be run in parallel, in combination, in loops,
or in any order.

At 102, a 360-degree well core sample photo image is
received. For example, in some implementations, camera
840 described in FIG. 8 below can be used to obtain the
360-degree well core sample photo image and to transmit it
over network 830 to computer 802 for processing.

Turning to FIG. 2, FIG. 2 illustrates a 360-degree well
core sample photo image 200 according to an implementa-
tion. In this implementation, the 360-degree well core
sample photo image 200 has been “rolled” flat into a
two-dimensional representation. Various lithofacies, for
example, lithofacies 202 and 204, can be noted in the
360-degree well core sample photo image 200. Also note, as
described above, that the native 360-degree well core sample
photo image 200 has no dimensionality. In some implemen-
tations, information about the image (including dimension-
ality information) can be stored in image headers, metadata,
etc. Returning to FIG. 1, from 102, method 100 proceeds to
104.

At 104, the dimensionless 360-degree well core sample
photo image 200 is geospatially anchored into a proper 3D
location in a 3D environment. For example, the 360-degree
well core sample photo image 200 can be enhanced with
geospatial anchoring data (e.g., compass direction), latitude/
longitude coordinates, depth data including top and bottom
depth of the core, and the like. This can be likened to taking
a picture of trees along a hiking trail next to a particular
mountain in a group of mountains. If one looks at the
photograph without any additional context, one will not
easily be able to tell whether it was taken next to mountain
A with an elevation X or from mountain B with an elevation
Y. However, if Global Positioning System (GPS) system
coordinates and proper elevation of the photographed site is
included with the photograph, then the photograph has much
more meaning. For example, details and variation patterns of
the photographed trees’ leaves will have much more mean-
ing—e.g., the trees can be re-located, studied further, etc. for
subsequent digital studies.

Turning to FIG. 3, FIG. 3 illustrates a geospatially-
anchored 360-degree digital photo image 300 of the well
core sample of FIG. 2 according to an implementation. Note
that the 360-degree digital photo image 300 has been
geospatially anchored with at least image orientation data
302 and reference depth data 304. In some implementations,
the orientation data 302 can be a default value that can be
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adjusted at a later point (e.g., see FIG. 5 and explanation
below—the left-most track is set at due North or 0 degrees).
In some implementations, other anchoring-type data can
also be used to enhance the 360-degree digital photo image
300 (e.g., compass direction, latitude/longitude, GPS coor-
dinates, and the like). Returning to FIG. 1, from 104, method
100 proceeds to 106.

At 106, color variation of the 360-degree digital photo
image 300 of FIG. 3 is decomposed into color numerical
arrays consistent with a formation image log format (de-
scribed in more detail below). For example, the illustrated
yellow/golden color “style” of FIG. 3 represents that the
displayed image is no longer a pure photograph but gener-
ated from the color numerical arrays. In some implementa-
tions, the color variations of the geospatially-anchored 360-
degree digital photo image 300 are decomposed into specific
color numerical arrays of blue, green, grayscale, and red
colors. In other implementations, additional, less, or differ-
ent colors can be used for the color numerical arrays
depending upon the particular purposes of method 100 or
any other aspect of this disclosure.

Turning to FIG. 4, FIG. 4 illustrates an example decom-
position 400 of color variations in the geospatially-anchored
360-degree well core sample photo image of FIG. 3 into
color numerical arrays according to an implementation. For
the color numerical array, a sample number is represented by
sample number 402. The measure depth 404 represents the
measuring depth of the sample number 402. Depending
upon the color complexity along a horizontal strip at a
particular measure depth, some measure depths can have
multiple sample numbers 402 (e.g., 11974.11 and 11974.12).
The color numerical array values 406 (e.g., BLUEJ[O],
GREEN]JO0], etc.) are, in some implementations, measured in
intensity.

Returning to FIG. 1, from 106, method 100 proceeds to
108.

At 108, the generated color numerical array(s) at 106 are
transformed into a formation image log. In some implemen-
tations, the formation image log is in a borehole image log
format. In other implementations, the formation image log
can be in any format suitable for the particular purposes of
method 100 or any other aspect of this disclosure. The
formation image log data allows rich digital interpretation
functionality for reservoir characterization, interpretation,
modeling, etc. From 108, method 100 proceeds to 110.

At 110, a determination is made as to whether the for-
mation image log is calibrated. If, at 110, it is determined
that the formation image log is calibrated, method 100
proceeds to 114. If at 110, it is determined that the formation
image log is not calibrated, method 100 proceeds to 108. In
some implementations, determination of whether the forma-
tion image log is calibrated can be made depending upon
whether there is additional data (e.g., additional data 112—
wellbore azimuth, an actual borehole image log, 3D seismic
data, core description digital data, and/or other additional
data) that can be used to calibrate (e.g., modify) the forma-
tion image log with and/or whether the formation image log
is consistent—within some threshold value (e.g., a percent-
age, measurement, etc.)—with the additional data 112. For
example, if wellbore azimuth data is available for a particu-
lar well for which a formation image log has been created,
the formation image log can be calibrated to make the
formation image log consistent with the wellbore azimuth
data to ensure that the formation image log data is aligned
with the actual wellbore direction. This introduces an addi-
tional assurance that the formation image log is as accurate/
complete as possible. In some implementations, the thresh-
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old value can be predetermined and/or dynamically
calculated based on any data received, processed, and/or
generated by method 100.

Turning to FIG. 5, FIG. 5 illustrates a rotation 500 of the
360-degree well core sample photo image of FIG. 3 based
upon a calibrated the formation image log with at least
available wellbore azimuth data (part of additional data 112)
according to an implementation. Note that the 360-degree
well core sample photo image 300 has been rotated to align
with wellbore azimuth line 502. This can be seen by looking
at core feature 504 which has been moved to the right when
compared to both FIGS. 2 and 3 with data “wrapped around”
from the right to the left of the image. In the case where the
360-degree well core sample photo image 300 has already
been rotated, the associated formation image log data can be
compared with the additional data 112 (e.g., actual well bore
azimuth data) to ensure that the formation image log is
consistent with the additional data 112. The calibration
process is typically an iterative process using one or more
types of available data 112. From 108, method 100 proceeds
to 110.

At 114, the calibrated image log is used to generate 3D
lithofacies interpretation and prediction data using a petro-
physical interpretation application. From 114, method 100
proceeds to 116.

At 116, the generated 3D lithofacies interpretation and
prediction data is used to generate 3D models of lithofacies
distributions using a 3D petrophysical modeling application.
From 116, method 100 stops.

Turning to FIG. 6, FIG. 6 illustrates digital calibration
associated with a well to gain confidence for prediction
according to an implementation. As illustrated, there are six
tracks (602a-602f) from left to right. Track 602a illustrates
the measure depth (MD). Track 60256 illustrates a Gamma
Ray wireline log displayed in a rainbow color table. Track
602¢ illustrates the 360-degree core photo image (e.g., as
illustrated in FIG. 2). Track 602d is a converted formation
image log with a planned azimuth rotation angle of 272
degrees (after calibration from other well information and
data) indicated by the green line (e.g., as illustrated in FIG.
5). Track 602e¢ is the azimuth-aligned formation image log
602d. Track 602fis an actual borehole image log acquired at
the well and providing data for calibration/comparison for
602¢. Should confidence and experience increase from this
exercise by comparisons of the described data, the method
can be applied to other wells (e.g., wells geographically
situated near the subject well above) where no actual bore-
hole image log data has been acquired. Confidence is
typically determined by a visual comparison (e.g., of 602e
and 6021 described above). If the result of the visual com-
parison is that the compared data is relatively/reasonably
similar (possibly based on a set and/or dynamically deter-
mined threshold), confidence increases that the performed
method can be successfully used on other wells. Other wells
typically refers to those with only well core samples, well
core sample photo images, etc. but no formation image log.
If a well as a formation image log, then there is no need to
generate a simulated formation image log using the
described method.

Turning to FIG. 7A, FIG. 7A illustrates a 360-degree
formation image log interpretation and 3D lithofacies model
7A of an example well field based upon one or more
360-degrees formation image log interpretations according
to an implementation. For example, 3D lithofacies modeling
of wellbores 7024, 704a, and 706a from 360-degree forma-
tion image log interpretations is illustrated in FIG. 7A.
Using the 360-degree formation image log interpretations,
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additional lithofacies associated with other wells can be
predicted even without 360-degree well core sample photo
images, borehole image data, etc.

Turning to FIG. 7B, FIG. 7B illustrates a generated 3D
lithofacies distribution model 7B00 based upon one or more
360-degree formation image logs and interpretations (e.g.,
those illustrated in FIG. 7A) according to an implementa-
tion. For example, 3D lithofacies modeling of wellbores
702, 704, and 706 from 360-degrees formation image log
interpretations as illustrated in FIG. 7A is used to generate
3D lithofacies distribution model 7B. For example, distri-
butions of lithofacies 7025, 7045, and 7065) are illustrated
in the 3D lithofacies distribution model 7B.

Turning to FIG. 8, FIG. 8 is a block diagram illustrating
an exemplary distributed computer system (EDCS) 800 used
to provide 360-degree well core sample image integration
and interpretation for modeling of reservoir formations and
lithofacies distribution according to an implementation. In
some implementations, the EDCS 800 includes a computer
802, network 830, and camera 840.

The illustrated computer 802 is intended to encompass a
computing device such as a server, desktop computer, lap-
top/notebook computer, wireless data port, smart phone,
personal data assistant (PDA), tablet computing device, one
or more processors within these devices, or any other
suitable processing device, including both physical and/or
virtual instances of the computing device. The computer 802
may comprise a computer that includes an input device, such
as a keypad, keyboard, touch screen, or other device (not
illustrated) that can accept user information, and an output
device (not illustrated) that conveys information associated
with the operation of the computer 802, including digital
data, visual and/or audio information, or a user interface.

The computer 802 can serve as a client and/or a server. In
typical implementations, the computer 802 act as either a
parallel processing node 102, host for a software agent 304,
and/or a host for an executing simulation 202, simulator 204,
library function 106, system administration 312, and/or
other application consistent with this disclosure (even if not
illustrated). The illustrated computer 802 is communicably
coupled with a network 830. In some implementations, one
or more components of the computer 802 may be configured
to operate within a parallel-processing and/or cloud-com-
puting-based environment. Implementations of the com-
puter 802 can also communicate using message passing
interface (MPI) or other interface over network 830.

At a high level, the computer 802 is an electronic com-
puting device operable to receive, transmit, process, store, or
manage data and information associated with modeling of
reservoir formations and lithofacies distribution. According
to some implementations, the computer 802 may also
include or be communicably coupled with a simulation
server, application server, e-mail server, web server, caching
server, streaming data server, business intelligence (BI)
server, and/or other server.

The computer 802 can receive requests over network 830
from an application 807 (e.g., executing on another com-
puter 802) and responding to the received requests by
processing the said requests in an appropriate software
application 807. In addition, requests may also be sent to the
computer 802 from internal users (e.g., from a command
console or by other appropriate access method), external or
third-parties, other automated applications, as well as any
other appropriate entities, individuals, systems, or comput-
ers.

Each of the components of the computer 802 can com-
municate using a system bus 803. In some implementations,
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any and/or all the components of the computer 802, both
hardware and/or software, may interface with each other
and/or the interface 804 over the system bus 803 using an
application programming interface (API) 812 and/or a ser-
vice layer 813. The API 812 may include specifications for
routines, data structures, and object classes. The API 812
may be either computer-language independent or dependent
and refer to a complete interface, a single function, or even
a set of APIs. The service layer 813 provides software
services to the computer 802 and/or system of which the
computer 802 is a part. The functionality of the computer
802 may be accessible for all service consumers using this
service layer. Software services, such as those provided by
the service layer 813, provide reusable, defined business
functionalities through a defined interface. For example, the
interface may be software written in JAVA, C++, or other
suitable language providing data in extensible markup lan-
guage (XML) format or other suitable format. While illus-
trated as an integrated component of the computer 802,
alternative implementations may illustrate the API 812 and/
or the service layer 813 as stand-alone components in
relation to other components of the computer 802. More-
over, any or all parts of the API 812 and/or the service layer
813 may be implemented as child or sub-modules of another
software module, enterprise application, or hardware mod-
ule without departing from the scope of this disclosure.

The computer 802 includes an interface 804. Although
illustrated as a single interface 804 in FIG. 8, two or more
interfaces 804 may be used according to particular needs,
desires, or particular implementations of the computer 802.
The interface 804 is used by the computer 802 for commu-
nicating with other systems in a distributed environment—
including a parallel processing environment—connected to
the network 830 (whether illustrated or not). Generally, the
interface 804 comprises logic encoded in software and/or
hardware in a suitable combination and operable to com-
municate with the network 830. More specifically, the
interface 804 may comprise software supporting one or
more communication protocols associated with communi-
cations over network 830.

The computer 802 includes a processor 805. Although
illustrated as a single processor 805 in FIG. 8, two or more
processors may be used according to particular needs,
desires, or particular implementations of the computer 802.
Generally, the processor 805 executes instructions and
manipulates data to perform the operations of the computer
802. Specifically, the processor 805 executes the function-
ality required to model reservoir formations and lithofacies
distribution.

The computer 802 also includes a memory 806 that holds
data for the computer 802 and/or other components of a
system of which the computer is a part. Although illustrated
as a single memory 806 in FIG. 8, two or more memories
may be used according to particular needs, desires, or
particular implementations of the computer 802. While
memory 806 is illustrated as an integral component of the
computer 802, in alternative implementations, memory 806
can be external to the computer 802. In some implementa-
tions, memory 806 can hold and/or reference one or more of,
as described above, a 360-degree well core sample photo
image 814, color numerical array 816, and/or formation
image log 818.

The application 807 is an algorithmic software engine
providing functionality according to particular needs,
desires, or particular implementations of the computer 802
and/or a system of which the computer 802 is a part,
particularly with respect to functionality required to model

5

10

15

20

25

30

40

45

50

55

60

65

10

of reservoir formations and lithofacies distribution. For
example, application 807 can serve as (or a portion of) a
simulation 202, simulator 204, parallel processing node 102,
library function 106, software agent 304, system adminis-
trator 312, and/or other application consistent with this
disclosure (whether illustrated or not). In some implemen-
tations, software applications can include one or more of the
above-described digital photo interpretation application,
petrophysical interpretation application, and/or petrophysi-
cal modeling application. Although illustrated as a single
application 807, the application 807 may be implemented as
multiple applications 807 on the computer 802. In addition,
although illustrated as integral to the computer 802, in
alternative implementations, the application 807 can be
external to and execute apart from the computer 802.

There may be any number of computers 802 associated
with a computer system performing functions consistent
with this disclosure. Further, the term “client,” “user,” and
other appropriate terminology may be used interchangeably
as appropriate without departing from the scope of this
disclosure. Moreover, this disclosure contemplates that
many users/processes may use one computer 802, or that one
user/process may use multiple computers 802.

Camera 840 is operable to at least capture a 360-degree
image of a well core sample. In some implementations,
camera 840 can use a lens assembly to focus light onto an
electronic image sensor and digitally record image informa-
tion into a memory (not illustrated) in various digital file
formats. For example, digital file formats used to record the
image information may be JPG, GIF, BMP, TIFF, PNG, AVI,
DV, MPEG, MOV, WMV, RAW, or other suitable digital file
format. In some implementations, the electronic image sen-
sor can be a charge coupled device (CCD), an active pixel
sensor (CMOS), or other suitable electronic image sensor.
Camera 840 may provide a live preview of the external
image source to be photographed. Camera 840 may also
provide optical and/or digital zoom functionality and pan-
oramic images in both two and three dimensions. In other
implementations, the recorded image information can be
both still and video with sound.

In some implementations, image data recorded by camera
840 may also be transferred over network 830 to a remote
data storage location (not illustrated) instead of being stored
in memory 806. Although illustrated as communicably con-
nected (e.g., by a cable, wireless connection, etc.) through
network 830 to computer 802, in some implementations,
camera 840 may also be integrated into computer 802 and/or
other component (not illustrated) of computer system 800 or
directly connected to an interface port (not illustrated) on
computer 802. While the computer system 800 is illustrated
as containing a single camera 840, alternative implementa-
tions of computer system 800 may include any number of
cameras 840, working individually or in concert, and suit-
able to the purposes of the EDCS 800. In some implemen-
tations, camera(s) 840 can be part of a mechanical assembly
(not illustrated) for moving, adjusting, stabilizing, etc. the
camera(s) 840 and/or a well core sample to obtain the
360-degree image of the well core sample.

Implementations of the subject matter and the functional
operations described in this specification can be imple-
mented in digital electronic circuitry, in tangibly-embodied
computer software or firmware, in computer hardware,
including the structures disclosed in this specification and
their structural equivalents, or in combinations of one or
more of them. Implementations of the subject matter
described in this specification can be implemented as one or
more computer programs, i.e., one or more modules of
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computer program instructions encoded on a tangible, non-
transitory computer-storage medium for execution by, or to
control the operation of, data processing apparatus. Alter-
natively or in addition, the program instructions can be
encoded on an artificially-generated propagated signal, e.g.,
a machine-generated electrical, optical, or electromagnetic
signal that is generated to encode information for transmis-
sion to suitable receiver apparatus for execution by a data
processing apparatus. The computer-storage medium can be
a machine-readable storage device, a machine-readable stor-
age substrate, a random or serial access memory device, or
a combination of one or more of them.

The term “data processing apparatus” refers to data pro-
cessing hardware and encompasses all kinds of apparatus,
devices, and machines for processing data, including by way
of example, a programmable processor, a computer, or
multiple processors or computers. The apparatus can also be
or further include special purpose logic circuitry, e.g., a
central processing unit (CPU), a co-processor (e.g., a graph-
ics/visual processing unit (GPU/VPU)), a FPGA (field pro-
grammable gate array), or an ASIC (application-specific
integrated circuit). In some implementations, the data pro-
cessing apparatus and/or special purpose logic circuitry may
be hardware-based and/or software-based. The apparatus
can optionally include code that creates an execution envi-
ronment for computer programs, e.g., code that constitutes
processor firmware, a protocol stack, a database manage-
ment system, an operating system, or a combination of one
or more of them. The present disclosure contemplates the
use of data processing apparatuses with or without conven-
tional operating systems, for example LINUX, UNIX, WIN-
DOWS, MAC OS, ANDROID, IOS or any other suitable
conventional operating system.

A computer program, which may also be referred to or
described as a program, software, a software application, a
module, a software module, a script, or code, can be written
in any form of programming language, including compiled
or interpreted languages, or declarative or procedural lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a file in
a file system. A program can be stored in a portion of a file
that holds other programs or data, e.g., one or more scripts
stored in a markup language document, in a single file
dedicated to the program in question, or in multiple coor-
dinated files, e.g., files that store one or more modules,
sub-programs, or portions of code. A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work. While portions of the programs illustrated in the
various figures are shown as individual modules that imple-
ment the various features and functionality through various
objects, methods, or other processes, the programs may
instead include a number of sub-modules, third-party ser-
vices, components, libraries, and such, as appropriate. Con-
versely, the features and functionality of various compo-
nents can be combined into single components as
appropriate.

The processes and logic flows described in this specifi-
cation can be performed by one or more programmable
computers executing one or more computer programs to
perform functions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., a CPU, a FPGA, or an ASIC.
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Computers suitable for the execution of a computer
program can be based on general or special purpose micro-
processors, both, or any other kind of CPU. Generally, a
CPU will receive instructions and data from a read-only
memory (ROM) or a random access memory (RAM) or
both. The essential elements of a computer are a CPU for
performing or executing instructions and one or more
memory devices for storing instructions and data. Generally,
a computer will also include, or be operatively coupled to,
receive data from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic, mag-
neto-optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a
personal digital assistant (PDA), a mobile audio or video
player, a game console, a global positioning system (GPS)
receiver, or a portable storage device, e.g., a universal serial
bus (USB) flash drive, to name just a few.

Computer-readable media (transitory or non-transitory, as
appropriate) suitable for storing computer program instruc-
tions and data include all forms of non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., erasable program-
mable read-only memory (EPROM), electrically-erasable
programmable read-only memory (EEPROM), and flash
memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto-optical disks; and CD-ROM,
DVD+/-R, DVD-RAM, and DVD-ROM disks. The
memory may store various objects or data, including caches,
classes, frameworks, applications, backup data, jobs, web
pages, web page templates, database tables, repositories
storing business and/or dynamic information, and any other
appropriate information including any parameters, variables,
algorithms, instructions, rules, constraints, or references
thereto. Additionally, the memory may include any other
appropriate data, such as logs, policies, security or access
data, reporting files, as well as others. The processor and the
memory can be supplemented by, or incorporated in, special
purpose logic circuitry.

To provide for interaction with a user, implementations of
the subject matter described in this specification can be
implemented on a computer having a display device, e.g., a
CRT (cathode ray tube), LCD (liquid crystal display), LED
(Light Emitting Diode), or plasma monitor, for displaying
information to the user and a keyboard and a pointing
device, e.g., a mouse, trackball, or trackpad by which the
user can provide input to the computer. Input may also be
provided to the computer using a touchscreen, such as a
tablet computer surface with pressure sensitivity, a multi-
touch screen using capacitive or electric sensing, or other
type of touchscreen. Other kinds of devices can be used to
provide for interaction with a user as well; for example,
feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any
form, including acoustic, speech, or tactile input. In addi-
tion, a computer can interact with a user by sending docu-
ments to and receiving documents from a device that is used
by the user; for example, by sending web pages to a web
browser on a user’s client device in response to requests
received from the web browser.

The term “graphical user interface,” or GUI, may be used
in the singular or the plural to describe one or more graphical
user interfaces and each of the displays of a particular
graphical user interface. Therefore, a GUI may represent any
graphical user interface, including but not limited to, a web
browser, a touch screen, or a command line interface (CLI)
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that processes information and efficiently presents the infor-
mation results to the user. In general, a GUI may include a
plurality of UI elements, some or all associated with a web
browser, such as interactive fields, pull-down lists, and
buttons operable by the business suite user. These and other
UI elements may be related to or represent the functions of
the web browser.

Implementations of the subject matter described in this
specification can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front-end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back-end, middleware, or
front-end components. The components of the system can be
interconnected by any form or medium of wireline and/or
wireless digital data communication, e.g., a communication
network. Examples of communication networks include a
local area network (LAN), a radio access network (RAN), a
metropolitan area network (MAN), a wide area network
(WAN), Worldwide Interoperability for Microwave Access
(WIMAX), a wireless local area network (WLAN) using, for
example, 802.11 a/b/g/n and/or 802.20, all or a portion of the
Internet, and/or any other communication system or systems
at one or more locations. The network may communicate
with, for example, Internet Protocol (IP) packets, Frame
Relay frames, Asynchronous Transfer Mode (ATM) cells,
voice, video, data, and/or other suitable information between
network addresses.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

In some implementations, any or all of the components of
the computing system, both hardware and/or software, may
interface with each other and/or the interface using an
application programming interface (API) and/or a service
layer. The API may include specifications for routines, data
structures, and object classes. The API may be either com-
puter language independent or dependent and refer to a
complete interface, a single function, or even a set of APIs.
The service layer provides software services to the comput-
ing system. The functionality of the various components of
the computing system may be accessible for all service
consumers via this service layer. Software services provide
reusable, defined business functionalities through a defined
interface. For example, the interface may be software writ-
ten in JAVA, C++, or other suitable language providing data
in extensible markup language (XML) format or other
suitable format. The API and/or service layer may be an
integral and/or a stand-alone component in relation to other
components of the computing system. Moreover, any or all
parts of the service layer may be implemented as child or
sub-modules of another software module, enterprise appli-
cation, or hardware module without departing from the
scope of this disclosure.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any invention or on the scope of what
may be claimed, but rather as descriptions of features that
may be specific to particular implementations of particular
inventions. Certain features that are described in this speci-
fication in the context of separate implementations can also
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be implemented in combination in a single implementation.
Conversely, various features that are described in the context
of a single implementation can also be implemented in
multiple implementations separately or in any suitable sub-
combination. Moreover, although features may be described
above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
sub-combination or variation of a sub-combination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation and/or integration
of various system modules and components in the imple-
mentations described above should not be understood as
requiring such separation and/or integration in all imple-
mentations, and it should be understood that the described
program components and systems can generally be inte-
grated together in a single software product or packaged into
multiple software products.

Particular implementations of the subject matter have
been described. Other implementations, alterations, and
permutations of the described implementations are within
the scope of the following claims as will be apparent to those
skilled in the art. For example, the actions recited in the
claims can be performed in a different order and still achieve
desirable results.

Accordingly, the above description of example implemen-
tations does not define or constrain this disclosure. Other
changes, substitutions, and alterations are also possible
without departing from the spirit and scope of this disclo-
sure.

What is claimed is:

1. A computer-implemented method comprising:

receiving a dimensionless 360-degree well core sample

photo image;

geospatially anchoring, by a computer, the received

dimensionless 360-degree well core sample photo
image by enhancing the dimensionless 360-degree well
core sample photo image with three-dimensional geo-
spatial positioning data;

decomposing, by a computer, the geospatially-anchored

360-degree well core sample photo image along strips
at a particular depth measurement into a set of color
numerical array samples as a first intermediate data set,
wherein higher color complexity along a strip results in
a higher number of color numerical array samples for
the particular depth measurement;

transforming, by a computer, the set of color numerical

array samples into a formation image log as a second-
ary intermediate data set;
calibrating, by a computer, the formation image log for
consistency with additionally available data; and

generating, by a computer, 3D lithofacies interpretation
and prediction data using the calibrated formation
image log.

2. The method of claim 1, wherein geospatially anchoring
the dimensionless 360-degree well core sample photo image
includes using at least one of compass direction, latitude/
longitude, Global Positioning System (GPS) coordinates, or
depth reference data.
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3. The method of claim 1, wherein the set of color
numerical array samples comprises data for at least one of
blue, green, grayscale, or red.

4. The method of claim 1, wherein the formation image
log is in borehole image log format.

5. The method of claim 1, wherein the additionally
available data includes at least one of wellbore azimuth data,
borehole image log data, or 3D seismic data.

6. The method of claim 1, further comprising:

comparing data associated with the formation image log

to the additionally available data; and

determining that the formation image log needs to be

calibrated because a result of the comparison exceeds a
threshold value.

7. The method of claim 1, further comprising generating
3D models of lithofacies distributions using the 3D lithofa-
cies interpretation and prediction data.

8. A non-transitory, computer-readable medium storing
computer-readable instructions executable by a computer
and configured to:

receive a dimensionless 360-degree well core sample

photo image;

geospatially anchor the received dimensionless 360-de-

gree well core sample photo image by enhancing the
dimensionless 360-degree well core sample photo
image with three-dimensional geospatial positioning
data;

decompose the geospatially-anchored 360-degree well

core sample photo image along strips at a particular
depth measurement into a set of color numerical array
samples as a first intermediate data set, wherein higher
color complexity along a strip results in a higher
number of color numerical array samples for the par-
ticular depth measurement;

transform the set of color numerical array samples into a

formation image log as a secondary intermediate data
set;

calibrate the formation image log for consistency with

additionally available data; and

generate 3D lithofacies interpretation and prediction data

using the calibrated formation image log.

9. The medium of claim 8, wherein geospatially anchor-
ing the dimensionless 360-degree well core sample photo
image includes using at least one of compass direction,
latitude/longitude, Global Positioning System (GPS) coor-
dinates, or depth reference data.

10. The medium of claim 8, wherein the set of color
numerical array samples comprises data for at least one of
blue, green, grayscale, or red.

11. The medium of claim 8, wherein the formation image
log is in borehole image log format.

12. The medium of claim 8, wherein the additionally
available data includes at least one of wellbore azimuth data,
borehole image log data, or 3D seismic data.

13. The medium of claim 8, further comprising instruc-
tions configured to:
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compare data associated with the formation image log to

the additionally available data; and

determine that the formation image log needs to be

calibrated because a result of the comparison exceeds a
threshold value.
14. The medium of claim 8, further comprising instruc-
tions configured to generate 3D models of lithofacies dis-
tributions using the 3D lithofacies interpretation and predic-
tion data.
15. A computer system, comprising:
at least one computer interoperably coupled with a
memory storage and configured to:
receive a dimensionless 360-degree well core sample
photo image;
geospatially anchor the received dimensionless 360-
degree well core sample photo image by enhancing
the dimensionless 360-degree well core sample
photo image with three-dimensional geospatial posi-
tioning data;
decompose the geospatially-anchored 360-degree well
core sample photo image along strips at a particular
depth measurement into a set of color numerical
array samples as a first intermediate data set, wherein
higher color complexity along a strip results in a
higher number of color numerical array samples for
the particular depth measurement;
transform the set of color numerical array samples into
a formation image log as a secondary intermediate
data set;
calibrate the formation image log for consistency with
additionally available data; and
generate 3D lithofacies interpretation and prediction
data using the calibrated formation image log.
16. The system of claim 15, wherein geospatially anchor-
ing the dimensionless 360-degree well core sample photo
image includes using at least one of compass direction,
latitude/longitude, Global Positioning System (GPS) coor-
dinates, or depth reference data.
17. The system of claim 15, wherein the formation image
log is in borehole image log format.
18. The system of claim 15, wherein the additionally
available data includes at least one of wellbore azimuth data,
borehole image log data, or 3D seismic data.
19. The system of claim 15, further comprising instruc-
tions configured to:
compare data associated with the formation image log to
the additionally available data, the additionally avail-
able data including at least one of wellbore azimuth
data, borehole image log data, or 3D seismic data; and

determine that the formation image log needs to be
calibrated because a result of the comparison exceeds a
threshold value.

20. The system of claim 15, further comprising instruc-
tions configured to generate 3D models of lithofacies dis-
tributions using the 3D lithofacies interpretation and predic-
tion data.



